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ferential cognitive function (Shott et al., 2012; Treasure &
Schmidt, 2013). Whether differences are present prior to onset,
possibly contributing to the development of an ED, or whether
differences are a consequence of secondary features of the disor-
der (i.e. low/irregular nutritional intake) is not conclusive. Retro-
spective studies are subject to recall bias, and differences observed
in recovered groups may be scars of the disorder (Lindner,
Fichter, & Quadﬂieg, 2013). One method of investigating cogni-
tive function prior to onset of a disorder is to investigate those
that are at high risk of developing that disorder. The ﬁrst-degree
relatives of probands have been shown to be at higher risk of de-
veloping an ED than the general population (Strober, Freeman,
Lampert, Diamond, & Kaye, 2000). We carried out the ﬁrst study
on cognitive function in children at familial high risk for ED (aged
8–10 years; Kothari, Solmi, Treasure, & Micali, 2012) and found
that children of women with anorexia nervosa (AN) showed supe-
rior performance on tests of intelligence/global cognition and
working memory, but poorer attentional control compared with
children not at risk. The children of women with bulimia nervosa
(BN) were found to have poor visuo-spatial function. To under-
stand whether children at risk for ED follow a differential devel-
opmental trajectory to those not at risk, it is vital to investigate
cognitive function at various time points. This type of researchThis is an open access article under the terms of the Creative Commons Attribution-NonCommerci
work is properly cited, the use is non-commercial and no modiﬁcations or adaptations are made
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differences that may affect risk for ED, as well as informing pre-
vention/intervention strategies. In order to extend our previous
ﬁndings we sought to investigate early cognitive development in a
sub-sample of the Avon Longitudinal Study of Parents and Chil-
dren. We hypothesised that the children of women with AN would
show higher IQ but poorer social function, and the children of
women with BN would show poorer performance on tests of
visuo-spatial function, when compared with children not at risk.
Methods
The Avon Longitudinal Study of Parents and Children (ALSPAC)
is a population-based cohort of women recruited during preg-
nancy (n = 14 541), with the children they were pregnant with at
the time (Boyd et al., 2012). Women were eligible for the study
if they lived in a predeﬁned study area of Bristol and if their
expected date of delivery was between 1 April 1991 and 31
December 1992. A subset of children from the ALSPAC cohort
(approximately 10%) were randomly selected, and mothers were
invited to bring their children to clinics for behavioural and biolog-
ical assessment at several ages between 4 and 61months. The num-
ber of children seen ranged from 994 to 1314. Children’s cognitive
function was assessed during these clinics using the Grifﬁths Mental
Development Scale (Grifﬁths, 1984) (18months), and the Wechsleral-NoDerivs License, which permits use and distribution in any medium, provided the original
.
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1990; WPPSI-R; 4 years). Data from a questionnaire sent to
mothers at 12weeks gestation, which asked about history of ED,
were used to deﬁne high risk status of children. Mothers were able
to report history of AN, BN or both. Previous studies have found
these groups to be distinct with regard to ED cognitions (Micali,
Northstone, et al., 2012; Micali, Simonoff, & Treasure, 2011), body
mass index and frequency of compensatory behaviours, with
women reporting AN and BN resembling an AN-binge/purge
subtype (AN-BP; Micali, Simonoff, & Treasure, 2007). This kind
of self-report indicator of diagnosis of AN and BN has also shown
high sensitivity and speciﬁcity in a Netherlands-based population
sample (Micali, De Stavola, et al., 2012). Mother–child pairs were
excluded if mothers reported history of any psychiatric disorders
other than ED only, because of lack of information of speciﬁc dis-
order making this a heterogeneous group. Mothers who had multi-
ple births were also excluded as twins are known to experience a
different developmental trajectory. For inclusion in the current
study, data had to be available on both maternal exposure and at
least one of the two cognitive assessments (outcome variable). At
18months n= 982 (at risk = 45, 4.5%) and at 4 years n= 852 (at
risk = 33, 3.9%). It is noted that high risk groups are small, espe-
cially in comparison with the samples of children not at risk; how-
ever, the prevalence of ED in this sample is consistent with that in
the general population (Micali, Northstone, et al., 2012).
Statistical analysis
To analyse differences in cognitive function, a series of linear
regression analyses were run using maternal history of ED to pre-
dict children’s performance on each task. Children at high risk for
ED, were compared with children of women with no history of
psychiatric disorder. Socio-demographic predictors of attrition
were investigated. Initially, a minimally adjusted model (model
1) was run, including a priori confounders (child age, child
gender and tester). In a second model (model 2), potential con-
founders and predictors of attrition were included (birth weight,
ethnicity, maternal age at delivery, marital status and parity).
Maternal education was determined to be a potential mediator
and was therefore additionally included individually in a fully
adjusted model (model 3). Missing data on all potential con-
founders/mediators were dealt with using multiple random
imputations. All predictor and outcome variables were used as
predictors in the imputation model, which was set for 10 imputa-
tions. Analyses were run on complete case and imputed datasets,
and a comparison of results showed that differences were negligi-
ble. Only results based on imputed datasets are presented here as
complete case analysis is thought to suffer from more chance
variation, and multiple random imputation is assumed to
correct any bias. All analyses were carried out on SPSS 21 and a
signiﬁcance level of p≤ 0.05 was used. Because of the small size
of the at-risk samples, it was decided that the signiﬁcance level
would not be adjusted for multiple comparisons to avoid missing
clinically signiﬁcant differences.
Procedure
The study was approved by the ALSPAC Law and Ethics Com-
mittee and the Local Research Ethics Committees. Questionnaires
and assessments were conducted after giving full information toEur. Eat. Disorders Rev. 22 (2014) 152–156 © 2013 The Authors. European Eating Disorders Revparticipants and acquiring consent in accordance with the
ALSPAC study design.
Results
Grifﬁths developmental scales
In the fully adjusted model, children of women with lifetime AN
showed lower scores on the locomotor development [B: 9.10,
95% conﬁdence interval (CI): 14.24, 3.95, p< 0.001] and
the personal-social development (B: 5.88, 95% CI: 11.25,
0.51, p = 0.03) subtests, as well as the general intelligence quo-
tient (B: 5.25, 95% CI: 9.59, 0.92, p = 0.02), in comparison
with unexposed children (Table 1).
Wechsler Preschool and Primary Scale of
Intelligence–Revised
In the fully adjusted model, children of women with lifetime AN
showed lower scores on two performance subtests: geometric de-
sign (B: 1.53, 95% CI: 2.91, 0.14, p = 0.03) and block design
(B:1.79, 95% CI:3.50, 0.08, p = 0.04). This group also showed
lower scores in two verbal subtests: comprehension (B: 1.81,
95% CI: 3.32, 0.30, p = 0.02) and similarities (B: 1.48, 95%
CI: 2.86, 0.11, p = 0.03). Finally, children of women with
AN showed lower verbal IQ scores (B: 8.20, 95% CI: 15.55,
0.85, p = 0.03) and lower full-scale IQ scores (B: 8.24, 95% CI:
15.91, 0.57, p = 0.04), in comparison with unexposed children
(Table 2).
Discussion
This study investigated early cognitive development in children at
high risk for an ED, due to being born to a mother with history of
an ED, in comparison with children not at high risk. At
18months (Grifﬁths development scales), children of women
with lifetime AN showed comparatively poorer motor skills such
as balance, coordination and movement control (Locomotor
Development Score) and appeared to have less proﬁciency in daily
activities such as feeding/dressing one’s self, lower independence
and less interaction with other children (Personal–Social Devel-
opment score). At age 4 years (WPPSI), the children of women
with AN showed poor perceptual skills, visual-motor coordina-
tion and possible ﬁgure ground deﬁcits (Geometric and Block
Design scores); poor social intelligence/understanding and social
isolation (Comprehension score); and poor planning, logical
thinking and abstract reasoning (Similarities score).
Lower full-scale IQ scores were observed in children of women
with AN, with the main contribution to this appearing to be lower
verbal IQ. This ﬁnding differs from the ﬁnding in our previous
study investigating cognition at age 8 years (Kothari et al., 2012),
where children of women with AN were found to have higher
full-scale IQ with the main contribution coming from performance
IQ. This could suggest a developmental change in ability, perhaps
driven by a third factor such as perfectionism or persistence, traits
that have previously been associated with AN (Halmi et al., 2000)
and observed in ﬁrst-degree relatives of probands (Woodside
et al., 2002), or it may relate to biases within the samples studied
at the various time points. At age 8 years, all children still part of
the ALSPAC cohort were invited to participate; therefore, cognitive153iew published by John Wiley & Sons Ltd.
Table 1 Linear regression analysis of children’s Grifﬁths Scores: exposed versus unexposed (B coefﬁcients, 95% conﬁdence intervals and p-values)
Model 1 Β (95% CI) p-value Model 2 Β (95% CI) p-value Model 3 Β (95% CI) p-value
Locomotor Unexposed Ref. Ref. Ref.
AN 9.63 (12.25, 7.02) <0.001 9.12 (14.26, 3.98) <0.001 9.10 (14.24, 3.95) 0.001
BN 0.32 (2.63, 1.99) 0.89 0.16 (4.66, 4.34) 0.94 0.17 (4.70, 4.36) 0.94
AN and BN 5.13 (7.84, 2.42) 0.06 5.06 (10.34, 0.23) 0.06 5.16 (10.42, 0.10) 0.06
Personal/social Unexposed Ref. Ref. Ref.
AN 6.38 (9.13, 3.62) 0.02 5.97 (11.29, -0.66) 0.03 5.88 (11.25, 051) 0.03
BN 0.76 (3.19, 1.68) 0.76 0.55 (5.26, 4.16) 0.82 0.57 (5.28, 4.15) 0.82
AN and BN 2.35 (0.51, 5.21) 0.41 2.52 (3.03, 8.07) 0.38 2.13 (3.43, 7.69) 0.45
Hearing/speech Unexposed Ref. Ref. Ref.
AN 4.87 (9.06, 0.69) 0.24 4.61 (12.65, 3.42) 0.27 4.30 (12.35, 3.74) 0.30
BN 1.20 (2.51, 4.91) 0.75 0.97 (5.82, 7.76) 0.79 0.93 (6.00, 7.85) 0.80
AN and BN 2.88 (1.46, 7.23) 0.51 3.03 (4.77, 10.82) 0.48 1.75 (6.66, 10.16) 0.68
Hand/eye Unexposed Ref. Ref. Ref.
AN 3.30 (5.97, 0.64) 0.22 3.51 (8.68, 1.66) 0.19 3.40 (8.61, 1.80) 0.20
BN 1.74 (0.62, 4.10) 0.46 1.75 (0.92, 4.42) 0.46 1.74 (1.70, 5.18) 0.46
AN and BN 2.74 (0.02, 5.51) 0.32 2.65 (2.75, 8.06) 0.34 2.21 (3.19, 7.61) 0.43
Performance Unexposed Ref. Ref. Ref.
AN 3.95 (7.37, 0.53) 0.68 3.80 (10.35, 2.75) 0.26 3.59 (10.07, 2.90) 0.28
BN 1.95 (1.01, 4.90) 0.51 2.02 (3.62, 7.65) 0.50 1.99 (3.70, 7.67) 0.50
AN and BN 3.81 (0.34, 7.28) 0.27 3.74 (2.92, 10.40) 0.28 2.83 (0.61, 6.27) 0.41
Average Unexposed Ref. Ref. Ref.
Development AN 5.63 (7.86, 3.39) 0.01 5.40 (9.77, 1.04) 0.02 5.25 (9.59, 0.92) 0.02
BN 0.76 (1.22, 2.74) 0.70 0.80 (3.04, 4.65) 0.68 0.78 (3.01, 4.58) 0.69
AN and BN 1.33 (0.99, 3.65) 0.57 1.38 (3.13, 5.88) 0.55 0.75 (3.70, 5.20) 0.74
Note:
AN, anorexia nervosa; BN, bulimia nervosa.
Model 1: Adjusted for child age and gender, and tester.
Model 2: Adjusted for child age, gender, birth weight and ethnicity; maternal age at delivery and marital status; parity and tester.
Model 3: Adjusted for child age, gender, birth weighte and ethnicity; maternal age at delivery, marital status and educational standard; parity and tester.
Sample sizes: AN= 14 (1.4%), BN= 18 (1.8%), AN and BN= 13 (1.3%) and unexposed = 937 (95.5%).
Cognitive Development of Children at Risk R. Kothari et al.testing was undertaken on a larger sample but one that was subject
to attrition from the study over time. Unfortunately, a direct com-
parison of children in this study and children investigated in
Kothari et al. (Kothari et al., 2012) is not possible because of the
attrition of a large proportion of children assessed at early time
points, by age 8 years. Though the samples are too small for analy-
sis, a visual inspection of the data showed high attrition of the
children of women with AN who had the lowest full-scale IQ scores
at age 4 years. Post hoc contrast analysis of the whole sample in this
study showed that children with lower full-scale IQ score at age
4 years were less likely to attend at age 8 years. This may indicate
a potential differential bias, but it is difﬁcult to tell because of the
small number of children at risk in this study. However, ﬁndings
from both studies indicate the presence of difﬁculties in social un-
derstanding, visual-motor ability and planning/reasoning, in
children at high risk for ED. These are all difﬁculties that have
previously been observed in ED groups, those recovered from ED
and ﬁrst-degree relatives (Danner et al., 2012; Tchanturia et al.,
2012; Tenconi, Santonastaso, et al., 2010; Treasure & Schmidt,
2013). It is also worth noting that while previous studies have
reported comparatively high IQ in AN groups (Lopez, Stahl, &
Tchanturia, 2010), particularly high verbal ability (Ranseen &
Humphries, 1992), a recent study investigating intellectual function
in ED patients found that individuals with AN showed poorer154 Eur. Eat. Disorders Rev. 22 (2014) 152–156 ©performance than the healthy control group on eight out of 13 sub-
tests of the Wechsler Adult Intelligence Scale – III (Weider,
Indredavik, Lydersen, & Hestad, 2013).
Strengths of this study are prospective data collection and
longitudinal design, use of a large, population-based sample that
improves generalizability of ﬁndings and availability of socio-
demographic information that allows for the analysis of
confounding features. The ﬁndings of the study were however
limited by the small size of at-risk groups and self-report of ED
by mothers at only one time point. Of particular interest is
evidence of a potential bias in the previous study investigating
children at high risk (Kothari et al., 2012), which highlights
the need for more research. However, social, visuo-spatial
and decision-making difﬁculties have been observed in the ED
groups, (Danner et al., 2012; Tchanturia et al., 2012; Tenconi,
Santonastaso, et al., 2010; Treasure & Schmidt, 2013) and in
children at risk at both time points; therefore, differences in these
constructs may be present prior to onset of ED. Further research
should use longitudinal studies to investigate how the develop-
ment of cognition and executive function in children at risk
for ED varies from normal development. Finding from such
research could have far reaching implications for discovering
the aetiology of ED and for the design of prevention and early
intervention strategies.2013 The Authors. European Eating Disorders Review published by John Wiley & Sons Ltd.
Table 2 Linear regression analysis of children’s Wechsler Preschool and Primary Scale of Intelligence scores: exposed versus unexposed (B coefﬁcients, 95%
conﬁdence intervals and pvalues)
Model 1 Β (95% CI) p-value Model 2 Β (95% CI) p-value Model 3 Β (95% CI) p-value
Object Unexposed Ref. Ref. Ref.
Assembly AN 1.51 (3.34, 0.33) 0.11 1.53 (3.37, 0.32) 0.11 1.56 (3.40, 0.27) 0.10
BN 1.24 (0.52, 2.99) 0.17 1.28 (0.32, 2.88) 0.15 1.17 (0.53, 2.86) 0.19
AN and BN 0.22 (2.14, 1.70) 0.82 0.28 (2.14, 1.57) 0.77 0.57 (2.49, 1.34) 0.56
Geometric Unexposed Ref. Ref. Ref.
Design AN 1.43 (2.84,0.01) 0.05 1.50 (2.89, 0.10) 0.04 1.71 (3.09, 0.33) 0.02
BN 0.47 (0.89,1.82) 0.50 0.58 (0.62, 1.78) 0.39 0.43 (0.88, 1.74) 0.52
AN and BN 0.22 (1.26,1.71) 0.77 0.14 (1.04, 1.33) 0.85 0.15 (1.58, 1.28) 0.84
Block Unexposed Ref. Ref. Ref.
Design AN 1.52 (3.26, 0.23) 0.09 1.75 (3.48, 0.02) 0.05 1.79 (3.50, 0.08) 0.04
BN 1.09 (0.58,2.76) 0.20 1.07 (0.05, 2.09) 0.20 0.94 (0.11, 1.77) 0.26
AN and BN 0.44 (2.26,1.39) 0.64 0.62 (2.37, 1.14) 0.50 0.95 (2.60, 0.69) 0.30
Mazes Unexposed Ref. Ref. Ref.
AN 0.75 (0.96,2.46) 0.39 0.65 (1.07, 2.37) 0.46 0.62 (1.09, 2.33) 0.48
BN 0.75 (2.39,0.89) 0.37 0.79 (1.62, 0.05) 0.34 0.90 (2.45, 0.66) 0.28
AN and BN 0.32 (1.48,2.11) 0.73 0.27 (1.45, 1.98) 0.77 0.01 (1.79, 1.78) 1.00
Picture Unexposed Ref. Ref Ref.
Completion AN 0.25 (1.73,1.24) 0.74 0.32 (1.79, 1.16) 0.67 0.35 (1.81, 1.12) 0.64
BN 1.36 (0.06,2.79) 0.06 1.33 (0.06, 2.72) 0.06 1.24 (0.14, 2.61) 0.08
AN and BN 0.11 (1.45,1.66) 0.89 0.02 (1.55, 1.51) 0.98 0.27 (1.79, 1.26) 0.73
Information Unexposed Ref. Ref. Ref.
AN 1.23 (2.99,0.52) 0.17 1.28 (2.98, 0.42) 0.14 1.33 (3.00,0.33) 0.12
BN 1.08 (0.60,2.76) 0.21 0.96 (0.13, 1.79) 0.25 0.78 (0.03, 1.58) 0.34
AN and BN 0.81 (1.02,2.65) 0.39 0.72 (0.98, 2.42) 0.43 0.25 (1.51, 2.02) 0.78
Comprehension Unexposed Ref. Ref. Ref.
AN 1.72 (3.30,0.14) 0.03 1.75 (3.30, 0.20) 0.03 1.81 (3.32, 0.30) 0.02
BN 0.56 (0.95,2.08) 0.47 0.51 (0.82, 1.84) 0.50 0.31 (0.43, 1.04) 0.68
AN and BN 0.86 (0.80,2.51) 0.31 0.82 (0.79, 2.42) 0.33 0.31 (1.26, 1.88) 0.70
Arithmetic Unexposed Ref. Ref. Ref.
AN 0.78 (2.24,0.69) 0.30 0.81 (2.27, 0.64) 0.28 0.85 (2.28, 0.57) 0.24
BN 0.26 (1.15,1.66) 0.72 0.25 (0.46, 0.95) 0.73 0.11 (1.19, 1.41) 0.88
AN and BN 0.16 (1.69,1.38) 0.84 0.18 (0.95, 0.60) 0.82 0.53 (2.02, 0.97) 0.49
Vocabulary Unexposed Ref. Ref. Ref
AN 0.76 (2.44, 0.93) 0.38 0.82 (2.51, 0.86) 0.34 0.87 (2.53, 0.80) 0.31
BN 0.34 (1.27, 1.95) 0.68 0.27 (0.55, 1.09) 0.74 0.13 (0.68, 0.93) 0.87
AN and BN 0.54 (1.23,2.30) 0.55 0.42 (1.36, 2.19) 0.64 0.06 (1.67, 1.80) 0.94
Similarities Unexposed Ref. Ref. Ref.
AN 1.35 (2.75,0.05) 0.06 1.44 (2.84, 0.05) 0.04 1.48 (2.86, 0.11) 0.03
BN 0.30 (1.05,1.64) 0.67 0.23 (1.05, 1.50) 0.74 0.10 (0.21, 0.40) 0.89
AN and BN 0.34 (1.13,1.81) 0.65 0.26 (1.19, 1.71) 0.73 0.08 (1.50, 1.35) 0.92
Performance Unexposed Ref. Ref. Ref.
IQ AN 4.94 (13.42,3.53) 0.25 5.73 (14.11, 2.65) 0.18 5.97 (14.19, 2.25) 0.15
BN 4.74 (3.37,12.86) 0.25 4.87 (2.96, 12.70) 0.23 4.06 (2.43, 10.54) 0.31
AN and BN 0.15 (8.73,9.02) 0.97 0.61 (9.28, 8.07) 0.89 2.66 (11.18, 5.86) 0.54
Verbal IQ Unexposed Ref. Ref. Ref.
AN 7.51 (15.30,0.28) 0.06 7.89 (15.53, 0.25) 0.04 8.20 (15.55, 0.85) 0.03
BN 3.42 (4.04,10.89) 0.37 3.05 (3.70, 9.81) 0.41 2.02 (1.55, 5.58) 0.57
AN and BN 2.94 (5.23,11.10) 0.48 2.46 (5.27, 10.18) 0.54 0.16 (7.77, 7.45) 0.97
Full-scale IQ Unexposed Ref. Ref. Ref.
AN 7.24 (15.38,0.90) 0.08 7.92 (15.88, 0.04) 0.05 8.24 (15.91, 0.57) 0.04
BN 4.66 (3.14,12.45) 0.24 4.52 (2.81, 11.84) 0.24 3.44 (0.28, 7.16) 0.36
AN and BN 1.52 (7.01,10.05) 0.73 0.80 (7.40, 9.00) 0.85 1.92 (9.87, 6.02) 0.64
Note:
AN, anorexia nervosa; BN, bulimia nervosa.
Model 1: Adjusted for child age and gender, and tester.
Model 2: Adjusted for child age, gender, birth weight and ethnicity; maternal age at delivery and marital status; parity and tester.
Model 3: Adjusted for child age, gender, birth weight and ethnicity; maternal age at delivery, marital status and educational standard; parity and tester.
Sample sizes: AN= 11 (1.3%), BN= 12 (1.4%), AN and BN= 10 (1.2%) and unexposed = 819 (96.1%).
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